Multinuclear nmr and X-ray crystallography are used to determine the structures of cryptands containing metallocene units and their complexes with a variety of metal cations.
INTRODUCTION
There is currently a great deal of interest in the chemistry of electroactive ionophores1-4 especially those which may be useful for the detection and/or estimation of specific metal cations by physicochemical or spectroscopic techniques. In recent years we have studied the synthesis, structure, and cation complexing properties of a range of cryptands (e,g, 1 or 2) containing metallocene units536 and one of the major objectives of this work has been to generate novel, electroactive ionophores. This paper reports recent progress in this area and in particular a study of complex formation between (1, Z=Fe; X,Y=O; m,n=2 or m=2,n=1) and a range of divalent and trivalent cations. A variety of techniques was used including multinuclear nmr, X-ray crystallography and uv/vis spectroscopy. In addition, studies of the reduced form of (2,Z=Fe, X=O, Y=H2 and m,n=2) reveal the formation of 1: 2, host : guest complexes with a several different cations.
RESULTS AND DISCUSSION
For cryptands of type (1) where Z = Ru, X,Y= 0 and n,m, = 2 (la) and when Z = Fe, X,Y = 0, m = 2 and n = 1 (lb), X-ray crystallography has shown that the amide carbonyl groups are trans to each other7~4. 
shows an upfield shift -6.7ppm relative to the uncomplexed Y(C104)3.4.7 H20. This signal accounts for 67% of the total yttrium in the mixture and is comprised of an equimolar mixture of the 1:l and 2:l (host : guest) complexes. The remaining yttrium appears as a signal at +11.5ppm corresponding to Y(ClO4)3 7.6 H20* which must have been formed by a combination of Y(C104)3.4.7 H20 and water displaced from the latter by the cryptand. The coincidence of the two 89Y signals of the cryptands at -6.7ppm may be explained if it is assumed that the formation of the 1: 1 complex involves the displacement of ~W O moles of H20 by amide groups whereas the formation of the 2: 1 complex merely involves extra coordination at the yttrium or possibly replacement of acetonitrile molecules from the solvent sheath with little, if any, change in the 89Y nmr shift.
Unfortunately, no X-ray crystallographic data are available on cation complexes of (Ib) to confirm the conclusions from the nmr studies. A crystalline complex between (lc, Z = Fe; X,Y = 0; m, n =2) and Y(ClO4)3 has, however, been isolated. The stoichiometry of the crystalline material proved to be 2: 1 (host : guest) and the X-ray crystallographic studyf revealed a seven coordinate yttrium cation at the centre of a capped trigonal biprism ( Fig.1) with the seventh coordination site (the cap) being occupied by a mole of H20. Most significantly however, both the host cryptand molecules had their pairs of carbonyl functions in cis-configurations to form two sets of bidentate ligands to the yttrium cation thus confirming the conclusions from the nmr data.
Reduction of (2a, Z = Fe; X,Y = 0; m, n = 2) by LiAlH4 in CH2CHflHFIO led to (2b) with Y = H2. The 1H and 13C nmr spectra of this molecule were relatively simple with the 1H nmr showing three sets of protons at 2.7ppm (Fe-CH2-N), 3.6ppm (NCH2 + OCH2) and 4.lppm (ferrocene hydrogens).Complexation with monovalent (e.g. Na+), divalent (e.g. Ca2+) or trivalent (e.g. Y3+) cations occured at a stoichiomehy of 1 : 2 (2b : cation) and caused downfield shifts of the Fe-CH2-N, ferrocene hydrogens and ring NCH2 hydrogens of the host (Fig.2) . The OCH2 hydrogens however, were unaffected and the only 13C signals to register significant shifts were those of the cyclopentadiene ring attached to the CH2 group (Table 2) . One must conclude that the cations within these molecules are bound in close proximity to the iron atoms, possibly by the tertiary amine ligands. Work is in progress to confirm this hypothesis. 
EXP E R l M E NTAL
The 1H and 13C nmr spectra were recorded in 5mm tubes on a Bruker AM360 MHz instrument operating at 90.6 MHz for 13C spectra. The 89Y nmr data were obtained on a Bruker WM250 operating at 12.2 MHz and using lOmm 0.d. nmr tubes. No decoupling was used, relaxation delays were typically 16s and the number of scans was approximately 3000. The complexes between the cryptands and the cations were usually prepared in CH3CNKD3CN as solvent at concentrations in the region of 5x10-2 -1x10-1 M. The 89Y nmr data, however, required the use of higher (0.5M) concentrations.
